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Description 

ULTRA THIN BODY FULLY-DEPLETED SOI 

MOSFETs 

Background of Invention 

[0001] The present invention relates to semiconductor integrated 
circuit devices as well as their fabrication, and more par- 
ticularly to ultra thin body, e.g., channel, fully-depleted 
silicon-on-insulator (SOI) metal oxide semiconductor field 
effect transistor (MOSFET) devices in which the threshold 
voltage variation of each device is controlled. 

[0002] | n semiconductor processing, silicon-on-insulator (SOI) 
technology is becoming increasingly important since it 
permits the formation of high-speed integrated circuits. 
In SOI technology, a buried insulating layer, especially a 
buried oxide, electrically isolates a top Si-containing layer 
from a bottom Si-containing substrate layer. The top Si- 
containing layer, which is oftentimes referred to in the art 
as the SOI layer, is generally the area in which active de- 
vices such as transistors are formed. Devices formed us- 



ing SOI technology offer many advantages over the bulk 
counterparts including, for example, higher performance, 
absence of latch up, higher packing density and low volt- 
age applications. 
[0003] | n the semiconductor industry, the SOI layer thickness has 
been scaled down in every SOI device technology genera- 
tion. Current technology trends are for providing SOI de- 
vices that have ultra thin Si channels. Ultra thin Si channel 
devices, which are formed in the SOI layer, have demon- 
strated excellent scalibity. The term "ultra thin" is used 
throughout the present application to denote a channel 
region having a vertical thickness of less than about 20 
nm. 

[0004] | t j S a | S0 known that fully-depleted SOI MOSFET devices 
with doped channels typically have very large threshold 
voltage variations. The threshold voltage variations are ef- 
fected by SOI thickness as well as well as the channel 
length variations that are a result of conventional device 
fabrication. 

[0005] | n conventional fully-depleted SOI devices, the silicon film 
thickness is usually less than or equal to half the deple- 
tion width of the bulk device. The surface potentials at the 
front and back interfaces are strongly coupled to each 



other and capacitively coupled to the front-gate and sub- 
strate through the front-gate dielectric and the buried ox- 
ide, respectively. Therefore, the potential throughout the 
silicon film, and hence the charge, is determined by the 
bias conditions on both the front-gate and the substrate. 
The large variation in threshold voltage mentioned above 
has prevented fully-depleted SOI MOSFETs to become 
mainstream manufacturable complementary metal oxide 
semiconductor (CMOS) technology. Because of the current 
trends in reducing the SOI thickness, partially depleted 
SOI devices are being pushed closer and closer to the 
fully-depleted mode. 

[0006] SOI MOSFETs are often distinguished as partially depleted 
(PD) when the silicon film is thicker than the maximum 
gate depletion width, and fully developed (FD) when the 
silicon film is thin enough that the entire film is depleted 
before the threshold voltage condition is reached. 

[0007] | n t he prior art, halo implantation can be used to create a 
device in which the channel-length is dependent upon the 
total charge doping concentration. A well-designed halo 
implant can create devices such that the channel doping is 
higher in short channel devices. As a result, the threshold 
voltage vs. gate length curve can be flatten out. Therefore, 



devices can be operated at much shorter channel lengths. 
This prior art method however cannot be extended any 
further because 1) the junction leakage current could be 
to high with high halo doping concentration; and 2) the 
doping fluctuation effect could dominate the threshold 
variations in narrow width devices. 
[0008] | n v j ew 0 f the prior art mentioned above, there is a need 
for providing a method of forming a fully-depleted SOI 
MOSFET device in which the threshold voltage variation 
with respect to SOI thickness and channel-length varia- 
tions is minimized. 
Summary of Invention 

[0009] jhe present invention provides a method of creating ultra 
thin body fully-depleted SOI MOSFETs in which the SOI 
thickness changes with gate-length variations thereby 
minimizing the threshold voltage variations that are typi- 
cally caused by SOI thickness and gate-length variations. 
This object is achieved in the present invention by using a 
replacement gate process in which nitrogen (or fluorine) is 
implanted to selectively retard (enhance) oxidation during 
formation of a recessed channel. A self-limited chemical 
oxide removal (COR) processing step can be used to im- 
prove the control in the recessed channel step. 



[0010] if the channel is doped, the inventive method is designed 
such that the thickness of the SOI layer is increased with 
shorter channel lengths. If the channel is undoped or 
counter-doped, the inventive method is designed such 
that the thickness of the SOI layer is decreased with 
shorter channel lengths. 

[0011] | n broad terms, the method of the present invention com- 
prises the steps of: 

[0012] providing a SOI structure comprising a dummy gate that 
has an upper surface that is coplanar with an upper sur- 
face of a planarizing material, said dummy gate is located 
on a sacrificial oxide that is positioned atop a top Si- 
containing layer of a SOI substrate; 

[0013] removing the dummy gate to provide a gate opening that 
exposes a portion of the underlying sacrificial oxide layer, 
said gate opening defining a device channel in said top Si- 
containing layer; 

[0014] implanting nitrogen or fluorine ions into the device chan- 
nel; removing the sacrificial oxide layer to expose the de- 
vice channel; recessing the device channel to provide a re- 
cessed device channel; and 

[0015] forming the gate, including gate dielectric and gate elec- 
trode in said opening atop the recessed device channel. 



[0016] Following the gate forming step, the planarizing dielectric 
is etched back and source/drain diffusion regions can be 
formed utilizing ion implantation and annealing process- 
ing steps. 

[0017] | n addition to the method described above, the present 
invention also contemplates the devices that are formed 
thereby. Specifically, the devices of the present invention 
comprise: 

[0018] a silicon-on-insulator (SOI) substrate having a SOI layer in 
which a first portion thereof has a thickness of less than 
about 20 nm; 

[0019] a g a te including a gate dielectric and a gate electrode lo- 
cated atop the first portion of the SOI layer having said 
thickness; and 

[0020] source and drain diffusion regions located in a second 
portion of the SOI layer that is adjacent to said first por- 
tion, said second portion of the SOI layer is thicker than 

the first portion. 
Brief Description of Drawings 

[0021] FIG. 1 is a pictorial representation (through a cross sec- 
tional view) illustrating an initial SOI substrate employed 
in the present invention. 

[0022] FIG. 2 is a pictorial representation (through a cross sec- 



tional view) illustrating the initial SOI substrate of FIG. 1 
after forming a dummy gate that has an upper surface 
that is coplanar with an upper surface of a planarizing 
material atop a sacrificial oxide layer that is formed on the 
SOI substrate. 

[0023] FIG. 3 is a pictorial representation (through a cross sec- 
tional view) illustrating the structure of FIG. 2 after re- 
moving the dummy gate. 

[0024] FIGS 4A-4C are pictorial representations (through cross 
sectional views) illustrating the structure of FIG. 3 during 
ion implantation into the channel region; short, interme- 
diate and long channel lengths, respectively, are shown. 

[0025] FIGS. 5A-C are pictorial representations (through cross 
sectional views) illustrating the structure of FIG. 4 after 
removing the exposed sacrificial oxide layer; short, inter- 
mediate and long channel lengths, respectively, are 
shown. 

[0026] FIGS. 6Ai-6Ci and 6Aii-6Cii are pictorial representations 
(through cross sectional views) illustrating the structures 
of FIG. 5 after recessing the device channel; FIGS. 6Ai-6Ci 
show that the shorter the channel length, the thinner the 
silicon film thickness. FIGS. 6Aii-6Cii show that the 
shorter the channel length, the thicker the silicon film. 



[0027] FIGS. 7A-C are pictorial representations (through cross 

sectional views) illustrating the structure of FIGS. 6Ai-6Ci 
after gate formation and subsequent removal of the pla- 
narizing dielectric. 

[0028] FIGS. 8A-8C are pictorial representations (through cross 
sectional views) illustrating the structure of FIGS. 7A-7C 
after forming source/drain diffusion regions in the re- 
cessed Si device channel. 

[0029] FIG. 9 is a plot of silicon thickness vs gate length. 

Detailed Description 

[0030] jhe present invention, which provides a method for 
threshold voltage variations control in ultra thin fully- 
depleted SOI MOSFETs, will now be described in greater 
detail by referring to the drawings that accompany the 
present application. 

[0031] Referring to FIG. 1 there is shown an initial SOI substrate 
10 that can be employed in the present invention. The ini- 
tial SOI substrate 10 includes a bottom Si-containing layer 
12, a buried insulating layer 14, such as an oxide or ni- 
tride, located on the bottom Si-containing layer 12, and a 
top Si-containing layer 16, i.e., the SOI layer, located on 
the buried insulating layer 14. The term "Si-containing 



layer" denotes any material that includes silicon. Illustra- 
tive examples of Si-containing materials include, but are 
not limited to: Si, SiGe, SiGeC, SiC, polysilicon, i.e., polySi, 
epitaxial silicon, i.e., epi Si, amorphous silicon, i.e., a:Si, 
and multilayers thereof. Typically, layers 12 and 16 of the 
SOI substrate 10 are both comprised of Si. 
[0032] The SOI layer 16 of the initial SOI substrate 10 is typically, 
but not always, a doped layer, which may contain an n- or 
p-type dopant. Doping can be introduced into the SOI 
layer 16 prior to, or after formation of the SOI substrate 
10. The dopant concentration within the SOI layer 16 is 

3 

typically from about 1E17 to about 1E19 atoms/cm . 
[0033] The SOI layer 16 of the SOI substrate 10 may have a vari- 
able thickness, which is dependent on the technique that 
is used in forming the SOI substrate 10. Typically, how- 
ever, the top Si-containing layer 16 of the SOI substrate 
10 has a thickness from about 10 to about 1000 nm, with 
a thickness from about 50 to about 500 nm being more 
typical. The thickness of the buried insulating layer 14 
may also vary depending upon the technique used in fab- 
ricating the SOI substrate 10. Typically, however, the 
buried insulating layer 14 of the present invention has a 
thickness from about 100 to about 1000 nm, with a 



buried insulating thickness from about 120 to about 200 
nm being more typical. The thickness of the Si-containing 
substrate layer 12 of the SOI substrate 10 is inconsequen- 
tial to the present invention. 

[0034] The initial SOI substrate 10 can be formed using a layer 

transfer process such as, a bonding process. Alternatively, 
a technique referred to as separation by implanted oxygen 
(SIMOX) wherein ions, typically oxygen or nitrogen, are 
implanted into a bulk Si-containing substrate and then 
the substrate containing the implanted ions is annealed 
under conditions that are capable of forming a buried in- 
sulating Iayerl4 can be employed. 

[0035] After providing the substrate, a pad oxide layer (not 

shown) is typically formed on an upper exposed surface of 
the SOI substrate 10 by a thermal oxidation process that 
is well known to those skilled in the art. Alternatively, the 
pad oxide layer may be formed by a deposition process, 
such as chemical vapor deposition (CVD), plasma-assisted 
chemical vapor deposition, evaporation or solution depo- 
sition. The pad oxide layer formed at this point of the 
present invention typically has a thickness from about 5 to 
about 20 nm. 

[0036] Next, isolation trench regions (not shown) are formed into 



the SOI substrate 10 by first forming a hardmask (not 
shown) in the surface of the pad oxide layer and then uti- 
lizing lithography and etching. The lithographic step em- 
ployed in the present invention includes applying a pho- 
toresist (not shown) to the hardmask; exposing the pho- 
toresist to a pattern of radiation (in the present case a 
trench pattern is employed); and developing the pattern 
into the photoresist utilizing a conventional resist devel- 
oper. The etching step, which is used to transfer the 
trench pattern first into the hardmask and then into the 
pad oxide layer and the SOI substrate 10, includes any 
conventional dry etching process such as reactive-ion 
etching, ion beam etching, plasma etching, laser ablation 
or any combination thereof. A single etching process may 
be employed, or alternatively, more than one etching pro- 
cess may be employed to form trenches in the SOI sub- 
strate 10. After the pattern has been transferred into the 
hardmask, the photoresist is typically removed from the 
structure and then pattern transfer continues using the 
hardmask as an etch mask. The depth of the trenches 
formed may stop within the SOI layer 16 of the SOI sub- 
strate 10, or it may extend down to the buried insulating 
layer 14. 



[0037] After trenches have been formed in the SOI substrate, the 
trenches are filled with a trench dielectric material such as 
high-density plasma (HDP) oxide or TEOS 
(tetraethylorthosilicate) using conventional deposition 
processes well known to those skilled in the art. The filled 
trenches form trench isolation regions in the structure 
that serve to isolate various device regions from each 
other. In some embodiments of the present invention, the 
walls of the trenches are lined with a liner material, such 
as Si0 2 or Si^, prior to filling with the trench fill mate- 
rial. After the filling process, a conventional planarization 
process and/or densification may be performed on the 
structure. The planarization process stops on the hard- 
mask and thereafter the hardmask is typically removed by 
utilizing an etching process that selectively removes the 
hardmask material from the structure. 

[0038] Next, the pad oxide layer is removed from the surface of 
substrate 10 using a stripping process that is highly se- 
lective in removing oxide and thereafter sacrificial oxide 
layer 18 is formed on the SOI layer 16 of the SOI substrate 
10 utilizing a conventional thermal oxidation process. The 
structure including the sacrificial oxide layer 18 is shown, 
for example, in FIG. 2. Sacrificial oxide layer 18 formed at 



this point of the inventive process typically has a thick- 
ness from about 3 to about 20 nm, with a thickness from 
about 3 to about 6 nm being highly preferred. Note that 
the sacrificial oxide layer 18 is grown substantially over 
the Si-containing regions of the SOI substrate 10, not 
atop trench isolation regions that may be formed therein. 

[0039] a dummy gate 20 comprising a sacrificial polysilicon re- 
gion or other related material is then formed on a portion 
of the sacrificial oxide layer 18 providing the structure 
also shown, for example, in FIG. 2 The dummy gate 20 is 
formed by first providing a sacrificial polysilicon layer or 
other related material atop the sacrificial oxide layer 18 
utilizing a conventional deposition process such as CVD 
or PECVD. The sacrificial polysilicon layer or other related 
material is then patterned by lithography and etching. 

[0040] FIG. 2 also shows the structure after an outer insulating 
spacer 22 is formed on each sidewall of the dummy gate 
20. This step of forming the outer insulating spacer 22 is 
optional. Outer insulating spacers 22, which comprise a 
nitride, oxynitride or a combination thereof, are formed 
by deposition and etching. Outer insulating spacers 22 
may have a variable thickness, but typically outer insulat- 
ing spacers 22 have a thickness, as measured from a bot- 



torn surface, from about 10 to about 30 nm. 

[0041] | t should be noted that the present invention is not limited 
to forming just a single dummy gate 20 on the surface of 
the sacrificial oxide layer 18. Instead, the present inven- 
tion works equally well when a plurality of dummy gates 
20 are formed. The formation of a plurality of dummy 
gates 20 will allow for the formation of a plurality of MOS- 
FETs across the surface of the SOI substrate 10. More than 
one outer insulating spacer is also contemplated herein. 

[0042] Next, and as also shown in FIG. 2, a planarizing material 
24 such as a high-density plasma (HDP) oxide or an oxide 
from tetraethylorthosilicate (TEOS) is deposited and pla- 
narized such that an upper surface of the planarizing ma- 
terial 24 is coplanar with an upper surface of the dummy 
gate 20. 

[0043] Next, the dummy gate 20, i.e., sacrificial polysilicon re- 
gion or other related material, is removed from the struc- 
ture using chemical downstream etching or KOH stopping 
atop the sacrificial oxide layer 18. The resultant structure, 
which includes a gate opening 25 that is formed after this 
step has been performed, is shown, for example, in FIG 3. 
Note that the inner edges 21 of the outer insulating spac- 
ers 22, which define the boundaries of the gate opening 



25, also define the length G l of device channel 26. As 
shown, the device channel 26 is located in the SOI layer 
16. 

[0044] if desired, the device channel length can be reduced by 
forming an inner insulating spacer (not shown) on each 
inner edge 21 of the outer insulating spacer 22. The inner 
insulating spacer may be comprised of the same or differ- 
ent insulating material as the outer insulating spacer 22. 
The inner insulating spacer may be used with, or without, 
the outer insulating spacer 22. In embodiments in which 
the outer spacer is not present, the inner spacer is used in 
defining the channel length. The inner spacer is formed by 
deposition and etching. 

[0045] Device channel (i.e., body region) 26 may optionally be 
doped by utilizing an ion implantation step and an an- 
nealing step. The conditions used in forming the doped 
device channel 26 are well known to those skilled in the 
art. The annealing step serves to activate the dopants 
within the device channel 26. For example, the device 
channel 26 may be ion implanted with a p-type dopant 
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using any ion dosage such 1E12 to about 5E13 atoms/cm 
and annealed at any conditions such as, for example, 
1000°C, for 5 seconds in Ar. An n-type dopant is also 



contemplated herein. 
[0046] At this point of the present invention, ions such as nitro- 
gen or fluorine are implanted into the device channel so 
as to modify the exposed SOI layer 16 in such a way that 
the implanted region retards or enhances oxidation dur- 
ing the subsequent recessed channel processing step. 
FIGS. 4A-4C show the ions 28 being implanted into the 
exposed SOI layer 16 for short, intermediate and long 
channel devices, respectively. In FIGS. 4A-4C, reference 
numeral 29 denotes the region of the SOI layer 16 that in- 
cludes the implanted ions. Although various doses of ions 
can be implanted, the ions are typically implanted using 
an ion dosage from about 5E13 to about 5E14 atoms/cm 

2 

. The depth and concentration of the implanted ions as a 
function of channel lengths can be designed by the im- 
plantation angle and the dummy gate height. There are 
more ions (nitrogen or fluorine) implanted in the SOI layer 
for longer channel devices. There are almost no ions im- 
planted into the SOI layer for short channel devices due to 
the shadowing effect with angled implantation. Since oxi- 
dation is retarded (or enhanced) with the introduction of 
nitrogen (fluorine) implant, the recessed channel has a 
thinner (thicker) SOI film thickness for short channel 



lengths. 

[0047] The exposed sacrificial oxide 18 in the gate opening 25 is 
then removed from the structure to expose the device 
channel 26 containing the implant region 29. Specifically, 
the exposed sacrificial oxide 18 in the gate opening is re- 
moved by utilizing a chemical oxide removal (COR) pro- 
cess. The COR process employed in the present invention 
is carried out at relatively low pressures (6 millitorr or 
less) in a vapor, or more preferably, a plasma of HF and 
NH . The HF and NH mixture is used as an etchant that 
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selectively removes oxide from the structure. The resul- 
tant structure that is formed after the COR step has been 
performed is shown, for example, in FIGS. 5A-5C. 
[0048] Next, and as shown in FIGS 6Ai-6Ci and FIGS. 6Aii-6Cii, 

the exposed SOI layer 16 containing the implant region 29 
is recessed, i.e., thinned, by utilizing an etching process 
that is capable of recessing, i.e., thinning the device chan- 
nel 26. For example, successive steps of oxidation and 
etching via a COR processing step can be used to selec- 
tively recess the exposed SOI layer 16. FIGS. 6Ai-6Ci show 
device structures with three different channel lengths af- 
ter nitrogen implant and recessing. Because oxidation is 
retarded by the introduction of nitrogen ions, the re- 



cessed channel SOI film thickness is thicker for longer 
channel lengths. This nitrogen implant process is appro- 
priate for undoped (or counter doped) lengths. FIGS. 
6Aii-6Cii show device structures with three different 
channel lengths after fluorine implantation and recessing. 
Because oxidation is enhanced by the introduction of im- 
planted fluorine ions, the recessed channel SOI film is 
thinner for longer channel lengths. The fluorine implant 
process is appropriate for doped channel FDSOI MOSFETs. 
[0049] The recessed device channel is designated by reference 
numeral 26 in the drawings. In accordance with the 
present invention, the recessed device channel 26 is an 
ultra thin body region of the SOI MOSFET structure. In 
particular, the recessed device channel 26 formed at this 
point of the present invention has a thickness of less than 
about 20 nm. 

[0050] Next, gate dielectric 30 is formed atop the exposed re- 
cessed device channel 26 utilizing a conventional deposi- 
tion process. Alternatively, the gate dielectric 30 may be 
formed by a thermal oxidation, nitridation or oxynitrida- 
tion process. Combinations of the aforementioned pro- 
cesses may also be used in forming the gate dielectric 30. 
The gate dielectric 30 may be composed of any conven- 



tional dielectric including, but not limited to: SiO ; Si N ; 
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SiON; SiON high-k dielectrics such as TiO , Al O , ZrO , 

2; 2 2 3 2 

HfO , Ta O , La O ; and other like oxides including per- 
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ovskite-type oxides. Typically, the high-k dielectrics are 
capable of withstanding high-temperature (900°C) an- 
neals. Gate dielectric 30 may also comprise any combina- 
tion of the aforementioned dielectric materials. 
[0051] fj a te dielectric 30 is typically thinner than the sacrificial 
oxide layer 18. Generally, when the gate dielectric 30 is 
composed of SiO , Si N , SiON or SiON , it has a thickness 

K 2 3 4 2 

of about 1 to about 5 nm. For the other gate dielectrics, 
the thickness would provide an equivalent oxide thickness 
in the range mentioned above. 
[0052] After forming the gate dielectric 30 atop the recessed de- 
vice channel 26, a gate conductor 32, which serves as the 
gate electrode of the MOSFET, is formed providing the 
structure shown in FIGS. 7A-7C. Note that in FIGS. 7A-7C, 
the gate dielectric and gate conductor are formed on the 
recessed device channel shown in FIG. 6Ai-6Ci, respec- 
tively. Although this embodiment is depicted, the present 
invention also contemplates forming the gate dielectric 
and gate conducting on the recessed device channel de- 
picted in FIGS. 6Aii-6Cii. 



[0053] Gate conductor 32 is comprised of a conductive material 
including, but not limited to: elemental metals such as W, 
Pt, Pd, Ru, Re, Ir, Ta, Mo or combinations and multilayers 
thereof; silicides or nitrides of the aforesaid elemental 
metals; polysilicon either doped or undoped; and any 
combinations thereof. Typically, the gate conductor 32 is 
comprised of doped polysilicon. 

[0054] fj ate conductor 32 is formed utilizing a deposition pro- 
cess such as CVD, plasma-assisted CVD, sputtering, 
evaporation, chemical solution deposition and plating. 
When metal silicides are employed, a conventional silici- 
dation process may be used in forming the same. On the 
other hand, when doped polysilicon is employed as the 
gate conductor 32, the doped polysilicon may be formed 
by an in-situ doping deposition process, or alternatively, a 
layer of undoped silicon is first deposited and thereafter 
an ion implantation process is employed in doping the 
undoped polysilicon. The doping of the undoped polysili- 
con may occur immediately after deposition or in a later 
processing step. 

[0055] The physical thickness of gate conductor 32 formed at 

this point of the present invention may vary depending on 
the conductive material employed as well as the process 



used in forming the same. Typically, however, the gate 
conductor 32 has a thickness of from about 20 to about 
400 nm, with a thickness of from about 50 to about 200 
nm being more highly preferred. 

[0056] Reference is still made to the structures shown in FIGS. 
7A-7C in which the planarizing material 24 is removed 
from the structure after gate formation using an etching 
process that is highly selective in removing oxide. For ex- 
ample, KOH or an equivalent etchant can be used to re- 
move the planarizing material. Note that exposed portions 
of the sacrificial oxide layer 18 underlying the planarizing 
material 24 are also removed during this step. 

[0057] FIGS. 8A-8C show the structure after source/drain junc- 
tions (or regions) 34 are formed into the SOI layer 16 us- 
ing a conventional angle implantation process followed by 
an annealing step. The implant is activated by annealing 
using conditions well known to those skilled in the art. For 
example, the implant may be annealed at 1000°C for 1 
second or longer. 

[0058] At this point of the present invention, raised source/drain 
regions (not shown) may be optionally formed atop the 
surface of the source/drain regions by epitaxially growing 
an epi Si layer thereon. To either the raised source/drain 



regions or to the previously formed source/drain regions 
34, salicide regions (not shown) may be formed using a 
conventional salicidation process that includes, for exam- 
ple, forming a refractory metal such as Ti, Co or Ni on Si 
surfaces; heating the structure to form silicide regions 
and thereafter removing any non-reactive metal that was 
not converted into a silicide during the heating process. In 
embodiments in which the gate conductor 32 is com- 
prised of polySi, a salicide region also is formed thereon, 
unless appropriate steps (such as block mask formation) 
are taken to prevent the formation of a salicide region in 
the polysilicon gate conductor. 

[0059] Further BEOL (back-end-of-the-line) processes may be 

formed on the structure shown in FIGS. 8A-8C. For exam- 
ple, a layer of insulating material such as BPSC (boron 
doped phosphorus silicate glass) can be formed over the 
structure by deposition and planarization. Contact open- 
ings can be formed into the insulating layer by lithography 
and etching and thereafter the contact holes can be filled 
with a conductive material, such as, for example, Cu, Al, 
W, polysilicon and other like conductive materials. 

[0060] a device example based on device simulation is shown in 
FIG. 9. For high channel doping, constant threshold volt- 



age can be maintained provided that the SOI thickness is 
increased with the channel length according to the func- 
tional form shown in FIG. 9. 
[0061] while the present invention has been particularly shown 
and described with respect to preferred embodiments 
thereof, it will be understood by one skilled in the art that 
the foregoing and other changes in form and detail may 
be made without departing from the spirit and scope of 
the present invention. It is therefore intended that the 
present invention not be limited to the exact forms and 
details described and illustrated, but fall within the scope 
of the appended claims. 



